Previous studies have examined the link between land-use regulation and home prices extensively. Yet there are few studies that examine the influence of landuse regulation on housing affordability. Even more uncommon is a focus on the effects of specific types of regulation on individual households, and variations in these effects by racial and ethnic group. Using a cross-sectional regression design analyzing existing Wharton Residential Land Use Regulation Survey data, land use regulation survey data developed by Pendall, Puentes, and Martin (2006), and American Community Survey data, this article estimates the impact of various kinds of exclusionary land use regulation on individual housing affordability by housing tenure and race. We find that mobile home bans have powerful and consistent effects on owner affordability. Affordability for African Americans is especially harmed by multi-family development limits and for Hispanics by restrictions on the pace of housing construction.
Introduction
As the nation continues its slow recovery from the 2008 housing crisis, housing affordability for low-income households remains a persistent challenge. Over 70 percent of the nation's households making under $15,000 per year are severely cost burdened (Joint Center for Housing Studies, 2017) . While stagnant wages are part of the story, much of this stems from an inadequate supply of affordable rental housing relative to demand (Leopold et al., 2015) . The inadequate supply of affordable housing disproportionately impacts low-income renter households that have less ability to absorb sharp increases in housing costs (Linneman and Megbolugbe, 1992; Nelson, 1994; Neogi, 2012) . The overwhelming concentration of racial minorities amongst the ranks of these households gives this problem a distinct racial dimension.
Many have identified municipal land use regulation as an impediment to increasing the supply of housing that is affordable for lower-income households (Glaeser and Gyourko, 2002; Schuetz, 2009; Neogi, 2012) . Such regulation limits the potential uses of land by placing constraints on the number, type, and size of the structures that can be developed. It can affect housing prices by limiting both the quantity and the characteristics of housing development allowed within a local jurisdiction by artificially constraining housing supply or by creating a mismatch between the mix of units produced compared to demand. Less clear, however, is what specific types of land use regulation have adverse effects on household housing affordability as distinct from housing prices more generally? Moreover, do these regulations have different effects on affordability across racial and ethnic groups?
A better understanding how local land use policy and regulation can affect household housing affordability is needed to inform policy debates. Understanding and differentiating between the effects of different types of regulation on housing affordability is important to crafting appropriate local land use policies that do not exacerbate affordability challenges. This article tackles these questions by adopting a new approach to measuring the effect of land use regulations on household housing affordability. Through Tobit and Instrumental Variables (IV) regression models, we evaluate the impact of variation in regulation types at the metropolitan area level on individual households by race and ethnicity. Our analysis measures the effects of particular types of regulations on housing affordability for different types of households. This is a departure from using aggregate, place-based indices of housing affordability commonly employed in previous studies.
We begin by discussing findings from previous research on the effects of land use regulation on housing prices and affordability. Next, we turn to an overview of the data and methodology, followed by results and a discussion of findings. We conclude by offering policy recommendations and directions for further research.
Relevant literature
Constraints on the expansion of housing supply have natural implications for home prices within a metropolitan housing market. Quigley and Rosenthal (2005) , in a comprehensive survey of the literature on land use and housing prices, found that most studies generally find a link between land use regulation and higher housing prices. Development caps, density limits, urban growth boundaries, and permit processing delays have each been connected to higher housing prices. Ihlanfeldt's (2004) literature review of suburban exclusionary land use regulation research found strong evidence that growth controls and characteristics zoning heavily impact housing costs, while the evidence on land-use zoning was much less definitive.
The relationship between exclusionary land use regulation and home prices has been examined in a number of studies. Green (1999) gauged the impact of land use regulation in Waukesha County, Wisconsin, a Milwaukee suburb, using 1990 Census and 1993 zoning survey data on the County's 39 municipalities. He examined 160 census tracts, performing OLS regressions to assess the impact of land use regulation (i.e., minimum lot size requirements, minimum setback requirements, etc.) on tract-level housing tenure, home prices, rents, and owner housing costing less than $75,000. Green found that regulations have strong impacts on home prices, but smaller effects on rents. He noted that there is a nonlinear relationship between land use regulation and home prices, with the effects diminishing significantly for housing affordable to high-income households. However, Green's study was limited to suburban Milwaukee. He acknowledged but not correct for potential endogeneity bias, nor did he examine housing affordability. Glaeser and Gyourko (2002) examined zoning strictness in 26 metropolitan areas using 1989 and 1999 American Housing Survey data to study the relationship between construction costs and housing prices. Using a hedonic regression model, they measured the extent to which there was a "zoning tax" on housing, finding that strict land use regulation is related to high housing prices where they occur. However, the study did not account for the potential endogeneity of land use regulation and was not designed to estimate impacts on rents or housing affordability-housing costs in relation to income. In theory, the effect on prices could differ from the impact on affordability if land use regulation was tailored to shape the developing supply of housing to fit the anticipated income profile of the population. Ihlanfeldt (2007) used OLS and instrumental variables regression to examine the relationship between a land use regulation restrictiveness index and home prices, vacant land prices, and new housing construction size. He studied a sample of 105 Florida zoning jurisdictions using sales prices from county property tax roll data, parcel identification maps, 2000 Decennial Census data, and a 2001 Florida State University land use regulation survey administered to local planning officials. He found that land use regulation has significant positive effects on home and vacant land prices and new housing construction size. Unlike much previous work, this study accounted for the potential endogeneity of land use regulation by using instrumental variables. However, it was limited by its exclusive focus on Florida municipalities and land and home prices, with no examination of rents or housing affordability. Glaeser and Ward (2009) examined the impact of minimum lot sizes and other forms of land use regulation on home sales prices and building permits in 187 metropolitan Boston municipalities. Using OLS and panel regression with data from the 2000 Decennial Census and a 2004 local housing regulation survey, they found evidence that land use regulation does increase home prices. They also concluded that minimum lot sizes are the most significant barrier to new construction. As in Ihlanfeldt's study, impacts on rents and housing affordability were outside the scope of the analysis. Schuetz (2009) examined the impact of zoning on the quantity and price of rental housing using detailed data on 187 communities in central and eastern Massachusetts. Her dependent variables included the number of multifamily lots allowed by right, by special permit, or by any process. To address likely endogeneity, these variables were instrumented using historical municipal characteristics. She found evidence that zoning restrictiveness constrains the development of new rental housing. Effect on rents were less clear. However, rents are established in housing markets that are often larger than a single municipality; constraints or the lack of them in any one municipality may affect rents in many neighboring jurisdictions, biasing the effect on rents towards zero. Cheung, Ihlanfeldt, and Moyock's (2009) study of land use regulation in Miami-Dade County, FL, found that it imposed a regressive "regulatory tax" on home prices, with a larger effect on homes in predominantly African-American neighborhoods compared to those that were mostly Hispanic or white.
More recently, Neogi (2012) examined the relationship between land use regulation and housing affordability, a notable change from the oft-studied link to home prices. Using 1980 Using , 1990 Using , 2000 Public Use Microdata Sample data, he constructed an affordability index by matching renter households along the income distribution to corresponding housing rents in the rent distribution. He also used land use regulation indices computed from six land use regulation surveys administered at different periods of time from 1975 to 1990 and an American Institute of Planners survey administered in 1976. With this data, he assembled a sample of 177 metropolitan areas for 1980 through 1990 and 184 areas for 1990 through 2000. He then employed a series of cross-sectional, difference, and panel regression models to identify the relationship between land use regulation and renter housing affordability. He found that zoning and building regulation reduces housing affordability by constraining employment growth in sectors likely to employ low-skilled workers, while attracting high-skilled workers drawn to higher quality, more expensive housing. The focus on metropolitan housing markets was an improvement over municipality-based analyses, but Neogi's study was limited by the use of very old land use regulation surveys, an exclusive focus on renter affordability, and measurement of land use regulation as a single index, as opposed to specific measures. The study also computed aggregate impacts for metropolitan areas, rather than effects for households that could be disaggregated by racial and ethnic subgroups.
Existing research has revealed various ways that such regulation can constrain the supply of housing, raise home prices, and limit housing choices. Studies have often shown that land use regulations can have adverse effects on home prices and housing affordability. Some inconsistencies in the results may reflect the difficulty of measuring zoning stringency and the spill-over effects on housing prices and rents from municipalities in the same housing market. A consistent limitation of prior studies is a lack of focus on the relationship between specific forms of land use regulation and variations in housing affordability across racial and ethnic subgroups.
Land use regulation may not affect housing affordability in the same way as home prices. For example, land use regulation could affect the distribution of income by producing a lack of affordable housing in job-rich, economically vibrant areas, keeping qualified workers away from well-paying employment opportunities. For example, Hsieh and Moretti (2015) found that land use regulations that restrict the housing supply in high productivity cities have the effect of depressing incomes. This occurs by restricting the ability to access high-paying job opportunities concentrated in these cities. Moreover, changes in home prices and household incomes may be differentially affected by changes at the upper and lower ends of the income distribution. Much still remains unknown about the distributional effects of land use regulation on housing affordability by racial group, an important consideration for housing policymakers.
Data and Methods

Census Data
We use Public Use Microdata Sample (PUMS) data from the US Census Bureau's American Community Survey (ACS) 2005-2009 5-Year Estimates, obtained from the University of Minnesota's Integrated Public Use Microdata Series (Ruggles, Genadek, Grover, and Sobek, 2015) . We select 2005-2009 data because it best aligns with the period of time the land use regulation surveys used by this study were administered. This was more appropriate than using more recent PUMS data, because it allows for better estimation of the causal effects of regulation on housing affordability through use of consistent contemporaneous data. The PUMS includes household-level data on a wide array of demographic, economic, housing, and housing cost characteristics including gross rent, monthly owner costs, and household income. For variables measured at the person-level, the head of household's characteristics are used for each household. We measure housing affordability as the ratio of housing costs to total household income for renters and homeowners, including those that have completely paid off their mortgages. As measured by the American Community Survey, housing costs for homeowners consist of mortgage payments, utilities, real estate taxes, related insurances, fuels, mobile home costs, and condominium fees. Housing costs for renters consist of gross rent, which includes average monthly contract rent as well as the average monthly cost of utilities and heating fuels.
These measures do not include the cost of property maintenance expenditures to the extent they are not reflected in mortgage payments or contract rents. Households reporting zero or negative income are recoded as having 100 percent of income consumed by housing costs, to reflect the fact they essentially have no residual income for other household expenses. These households composed about 0.84 percent of the sample. In addition, households in which housing costs exceed reported income are also recoded as having 100 percent of income consumed by housing costs. (Gyourko, Saiz, and Summers, 2008) . The results were then summarized into a composite index of land use regulation by local jurisdiction. The Wharton survey has a number of benefits for this study. It is the most recent of many other available zoning datasets and offers data on a large number of metropolitan areas, almost 300. It also includes data on a very large sample of municipalities (2,611 in all 50 states) and is by far the most comprehensive of available zoning datasets. There are eleven component sub-indices measuring many dimensions of land use restrictions together. The Wharton dataset also contains responses on specific types of zoning regulations, allowing for the impacts of specific regulations to be measured. Finally, sampling weights are available that allow for state and metropolitan estimates to be generated. Despite these virtues, there are a number of shortcomings to the Wharton survey. For example, the survey is more focused on development outcomes that may result from policies rather than the specific policies per se. In addition, the survey does not include much information on local regulatory environments, only very high-level assessments based on survey respondent judgment. Finally, the survey is cross-sectional rather than longitudinal, which eliminates the possibility of examining the effect of changes over time in land use regulation on housing affordability.
Because of these limitations, the land use regulation dataset developed by Pendall, Puentes, and Martin (2006) is used to supplement the Wharton results. The Pendall dataset offers data on some land use regulations not captured in the Wharton survey. The survey was administered in 2003. A questionnaire was mailed to incorporated municipalities, townships, or counties with over 10,000 population and in the 50 largest metropolitan areas, and a 62 percent response rate was achieved (Pendall, Puentes, and Martin, 2006) .
Sample Selection
The sample used in this study includes PUMS households within the 65 metropolitan weights, weights are computed using the same logit model used by Gyourko, Saiz, and Summers (2008) on the universe of counties and municipalities with land use regulation authority.
Methods of Analysis
Studies of land use regulation and home prices have typically been met with a number of methodological challenges. Quigley and Rosenthal (2005) noted a several shortcomings throughout the literature. These include failing to deal with the endogeneity of regulation and home prices, not taking into account regulatory and policy making complexity, the inadequacy of land use regulation surveys, the often poor measurement of land use constraints and home price changes, and the use of inadequate and unsophisticated housing price indices. We attempt to address these challenges through the use of instrumental variables and several measures of both exclusionary land use regulation and housing affordability. Moreover, in contrast to past research, we examine impacts on housing affordability at an individual household level, rather than just an aggregate index of affordability. This allows us to control for household characteristics and estimate effects for different racial and ethnic subgroups.
We apply a Tobit regression of housing affordability on land use regulation in [2005] [2006] [2007] [2008] [2009] including households grouped by metropolitan area as the unit of analysis. Tobit regression is appropriate here because a significant proportion of households report either negative income or housing costs in excess of income, requiring an approach that can accurately model a housing cost ratio censored at 100 percent for owners and renters at the upper end and at zero for renters at the lower end. The distribution of the owner and renter cost to income ratios are shown in These function as appropriate instruments because they are often related to the presence and extent of certain types of land use regulation. Such regulations are often first implemented at key historical stages of an area's population growth and development. For example, population density at times representing the various peaks of suburban development would likely show a relationship to land use regulations governing housing density and housing type. Because they are historical measures, they are not a function of current housing affordability.
In addition, we include a binary instrument indicating whether the metropolitan area borders a major coastline (for example, ocean, sea, great lake, bay, or gulf), following Hilber and Robert-Nicoud (2013) . Such metropolitan areas have natural constraints on metropolitan expansion, which is often related to regulations governing the density and pace of housing development. In addition, we use the number of governments with zoning powers and the number of these governments per 100 square miles are used. These instruments function well because they capture the degree to which the number of local governments contribute to heterogeneity in municipal land use regulation across metropolitan space. Since the number of governments is tied to historical metropolitan development patterns, they should not be related to present day housing affordability.
The actual instruments used in particular regressions vary by the specific land use regulation of interest, as some have stronger relationships with certain regulations than others.
Since we use multiple variables to instrument for each endogenous regressor, we perform Sargan and Basmann chi-square tests of overidentifying restrictions to determine any of these instruments are inappropriate for each regression. To facilitate model convergence, the IV Tobit regressions were conducted on a 10 percent random sample of the full sample. To control for group-wise heteroscedasticity, the models are estimated with metropolitan area-clustered standard errors. Variance inflation factors were calculated to examine the model for multicollinearity, after which some variables were combined or removed to reduce such collinearly.
Variables and Model
The model of housing affordability attempts to operationalize the key influences on housing affordability, informed by findings from previous studies. Additional covariates are also included that are typically captured in studies of land use regulation and house prices. The analysis utilizes four primary dependent variables. These include the ratio of owner costs to income for owner households and the ratio of gross rent to income for renter households. As these constitute two completely different markets for housing, it is typical to consider owner and rental housing affordability separately (Kutty, 2005 ). Yet there are important interactions between the rental and owner housing markets in that local demand for owner occupied housing tends to be accompanied by strong demand for rental housing (Goodman, 2001) . For this reason, each regression contains the same group of covariates.
The following outlines the hypothesized relationship between owner-occupied and rental housing affordability and the key variables influencing them from the housing affordability literature for household i nested within metropolitan area j:
Yij is the measure of housing affordability, defined as the ratio of annual owner costs or annual gross rent to household income for households. xij is a vector of household characteristics including African American-headed household, Hispanic-headed household, single-family home, home built before 1960, and number of rooms. β is a vector of household-level coefficients. zj is a vector of metropolitan area characteristics including population, education, property taxes, the rental share of housing, geography, and land use regulation. α is a vector of coefficients for the metropolitan-level variables. εij is the error term for household i with respect to metro j.
We include population and population density for metropolitan areas. Metropolitan areas with higher concentrations of disadvantaged or generally low-income demographic groups are more likely to have higher levels of household housing cost burden. We measure Education by educational attainment levels through bachelor's degree attainment. We measure Property Taxes indirectly by the ratio of property taxes to home value for households. Rental Share is measured by rental units' proportion of all housing units for metropolitan areas. Geography consists of metropolitan area measures of the percentage of total area taken up by water as well as dummy variables for regions, a multi-state metro, and a metro that includes at least one mountain range. From the Pendall survey, we include individual measures that relate to exclusionary regulation. This includes whether a new development moratorium is in place, whether there is a residential pace restriction, whether a mobile home ban is in effect, whether a rezone is required for rezoning to multi-family, whether there is a density bonus or other inclusionary housing incentive offered, and the maximum residential density. 4 A factor analysis showed that the latter three variables were connected to a common "density restriction" dimension. In addition, three other relevant variables from the Pendall dataset were examined as controls for the exclusionary variables of interest. These include whether there is an urban growth boundary in place, whether there is an urban limit line, whether there is a sprawl containment tool in place. As a factor analysis found that the first three variables were linked to a growth management dimension, these variables were standardized and combined into the Growth Management Index.
An additional set of variables, including married couple and single parent household 
Results
The results, presented in Tables 1 and 2 , show the effects of detailed regulation measures on household housing affordability. Coefficients in the table represent the change in the proportion of income spent on housing associated with a one unit increase in the explanatory variable; multiplied by 100, they represent the percentage point change in housing expenditure.
To illustrate the impact of a regulation on a typical household, results are also discussed in the text in terms of the impact on a hypothetical family making $50,000 per year and paying $1,000
per month in housing costs (rent or owner costs). These values correspond roughly to the national medians in 2015.
One striking result is the large positive coefficients on the Hispanic and African
American household dummy variables. Results suggest that even after controlling for land use regulation and household and metropolitan area characteristics, housing cost ratios are still considerably larger for African American and Hispanic households than for non-Hispanic white and other households. As shown in Table 1 , the Wharton models with geographic controls suggest the housing cost to income ratio is fully 9.4 percentage points higher for African
American renters than for white and other renters, and 4.8 percentage points higher for Hispanic renters, holding all else constant. Both African American and Hispanic homeowners have owner costs in excess of 7 percentage points higher than comparable white and other households. Much of these differences are due to differences in income between the racial groups, however the addition of household income and the inclusion of regional dummy variables to account for geographic disparities in racial group concentrations in the model still does not eliminate the statistical significance of the race dummies. 5 These racial disparities may stem from other factors not included within the model such as accumulated wealth or access to low-interest mortgage loans. However, race clearly matters to housing affordability beyond the income differences between the groups.
Supply Restrictions
Single family development limits demonstrate no statistically significant impacts on owner or renter cost burden across both specifications. However, multi-family development limits show strong and statistically significant effects on cost burdens for owner households at 95 For renters, the coefficient on a lack of density bonuses or inclusionary incentives is negative and statistically significant, however it is positive and very significant on the African American interaction variable, essentially cancelling out the negative effect for African
Americans. This finding of zero net effect for African Americans was confirmed by a hypothesis test. IV Tobit regression results controlling for endogeneity suggest that a lack of such incentives is still linked to lower cost to income ratios for owners and renters. However, the relative The Tobit results show that high maximum density limits are statistically linked to higher owner cost to income ratios but show no clear links to rent ratios. The negative and statistically significant coefficient on the Hispanic interaction suggests this net positive effect is much smaller for Hispanic owners than non-Hispanic owners. Yet IV Tobit regression results show that after controlling for endogeneity, identified by a Wald Test, this relationship across all owner households flips sign and becomes negative and statistically insignificant. Thus we cannot rule out the possibility that the effect of maximum density limits in the Tobit regressions is driven by endogeneity bias.
Conclusions and Implications for Policy
Overall, the regression results show that exclusionary land use regulation is an important contributor to the lack of housing affordability, particularly as experienced by African American and Hispanic households. Results suggest that exclusionary land use regulation tends to restrict and promote various types of development, which affects the affordability of certain types of restricted housing and perhaps other types of housing as well, through substitution effects in linked housing markets for different housing types.
Supply restrictions have variable impacts on housing affordability by race depending on the type of regulation. Tobit results suggest that of these regulations, mobile home bans have the strongest adverse effects on owner affordability, while density restrictions in general and development moratoria have the most sizable effects on renter affordability. Mobile home bans constrain what is often the most affordable homeownership option for low-income households, while density restrictions prevent development of larger multifamily dwellings which most commonly take the form of rental housing. African American renters are especially harmed by multi-family development limits, while Hispanic renters are particularly harmed by residential pace restrictions. Multi-family development limits increase cost burdens for all owners and renters. This also supports the findings of Knaap, Meck, Moore, and Parker (2007) , who found that the Portland, Oregon metropolitan area's significant zoning of multi-family development was associated with lower housing prices and rents relative to other metropolitan areas. In metropolitan Boston, they found evidence of massive barriers to multi-family housing development coincident with high and fast-rising home prices and rents. These results establish more of a direct causal association between such restrictions on multi-family development and higher housing cost burdens for both owners and renters, controlling for other relevant, confounding factors and the general endogeneity of land use regulation. In addition, Pendall showed that large-lot size requirements have particularly adverse effects on Hispanic owner affordability, meaning such requirements do not have equal effects across ethnic groups. This could occur by containing development of smaller lot housing that might be affordable for Hispanic families interested in becoming homeowners.
Since housing affordability problems seems to manifest itself at a regional level, naturally regional or metropolitan solutions are warranted. Although an obvious solution would be to restrict, limit, or regulate the exclusionary land use regulation activity of local jurisdictions through state or regional governments or judicial action, in many cases political and legal barriers make this less than a viable option. Zoning remains a vital tool of local governments to regulate and control the demand for locally-provided public goods and services and to rationalize development activity for the public benefit. Areas with metropolitan or large county governments such as metropolitan Miami, Indianapolis, Jacksonville, and Nashville have unique capacity to enact regional solutions because a sizable portion of their metropolitan area is under one local political jurisdiction.
However, in most cases, metropolitan areas are composed of a multitude of often small and independent municipal governments. Intergovernmental cooperation to mitigate and control exclusionary land use regulation may provide the best practical solution in this situation, as is the case in metropolitan areas such as Portland, Oregon (Song and Knaap, 2004) . Perhaps the best vehicles for this are regional associations or collaboratives such as metropolitan councils of governments, which allow for a forum for local governments within the region to discuss and examine the impact of land use regulation on neighboring jurisdictions. These organizations can also coordinate, and if empowered to do so, regulate local land use regulation activity within an entity representative of local governments in the region. State legislatures can grant such entities the authority to exercise these coordinating and regulatory functions.
The precise causal mechanisms by which these exclusionary land use regulation impacts housing affordability by race are perhaps best addressed through future research on particular local housing markets. A locally-based study could use maps and GIS techniques to chart land use regulation and housing affordability patterns within a single metropolitan housing market.
Examining a local market in detail may illuminate the income and racially sensitive supplyconstraining effects implied by these results. Moreover, future research could further drill down on the impact of land use regulation on housing affordability by racial income subgroup, such as the magnitude of effects on low-income African Americans versus middle-income African
Americans. Comparisons could also be made between racial groups at the same income level, which would further reveal the impact of land use regulation by race after controlling for income.
Finally, future research might focus more on how land use regulations are developed in response to housing affordability challenges, to better understand the endogenous relationship between many types of land use regulation and housing affordability implied by these results.
Such research would build understanding of the motivating factors behind land use regulation and offer valuable theoretical context for researchers attempting to deal with the endogeneity of land use regulation and housing prices. This research might also inform the identification of better instruments for land use regulation in future studies. Additional work might be done to explore linkages between land use regulation and the distribution of income by racial group, as implied by Hsieh and Moretti's (2015) work, which may explain some of the links between such regulation and housing affordability by race documented in this study. In sum, more research into the relationship between exclusionary land use regulation and housing affordability can inform policy interventions making it easier to find an affordable place to call home. 
